Prostaglandins stimulate electrogenic anion secretion and inhibit sodium chloride absorption in cryptosporidium induced pig diarrhoea. Because tumour necrosis factor a (TNFa) is an early mediator of inflammation and stimulates prostaglandin secretion, we investigated its effect on intestinal ion transport.
Recent evidence indicates an intimate interaction between the immune, enteric-neural, and endocrine systems and mesenchymal cells in the regulation of intestinal water and electrolyte transport.' 2 Several mediators of immune and inflammatory reactions, such as prostaglandins and reactive oxygen metabolites, stimulate Cl-secretion and inhibit NaCl absorption in a colonic epithelial cell line, pig ileum, and rat colon.1-6 Increased prostaglandin concentrations in the ileum of cryptosporidium infected pigs have recently been implicated in the pathophysiology of diarrhoea induced in this model through the inhibition of NaCl absorption and stimulation of Cl-secretion. 7 The cytokine, tumour necrosis factor a (TNFa), a 17 kDa protein secreted mainly by macrophages,8 modulates various functions of cells involved in inflammatory reactions, host defense, and tissue repair. It is believed to be a key mediator of inflammatory reactions and may be a very proximal step in the immune reaction cascade. It is a chemoattractant of neutrophils and macrophages,9 10 and induces the secretion of prostaglandins and reactive oxygen metabolites from several cell lines such as human skin fibroblasts and endothelial and mesangial cells.1-1 7 Several reports indicate an increase in TNFot protein and mRNA in patients with inflammatory bowel disease,18-21 although similar changes were undetectable in other studies. [22] [23] [24] One of the reasons for this inconsistency may be the degradation of TNFa by proteases in inflamed tissue. 25 The effect of TNFa on intestinal ion transport and its role in the pathogenesis of infectious diarrhoea, however, have not been reported.
Assuming that TNFa stimulates prostaglandin secretion from intestinal cells as it does from cells of other tissues, we suggest that increased TNFa values in infections and inflammation modulate intestinal electrolyte transport. Moreover, as the lamina propria and submucosa are the main source of prostaglandin, [26] [27] [28] we postulated that the effect of TNFa on electrolyte fluxes across the intestinal epithelium is mediated through the release of other inflammatory mediators, such as prostaglandin, from subepithelial mesenchymal cells which subsequently modulate epithelial cell function in a paracrine fashion. Cryptosporidium parvum oocysts on day 3 of life as previously described.30 Rectal swabs were taken daily for determination of cryptosporidia oocytes and rotavirus.30 All infected animal stools were positive for cryptosporidia and showed histological indication of infection.30 All animal stools were negative for rotavirus and control animal stools were negative for cryptosporidia. Both infected and control animals were killed three to five days after inoculation (peak infection) by intracardiac injection of 2-4 g of sodium pentobarbital. Preanaesthesia with 50-70 mg intramuscular ketamine was given.
Methods

TNF(X EXTRACTION
After stripping the muscle layer, 4 cm of ileum were homogenised, in phosphate buffered saline (PBS) with 1% bovine serum albumin and 1 ,ug/ml of each of antipain, aprotinin, leupeptin and pepstain A, and 1 mM PMSF as previously described for interleukin 1 extraction.3' An ELISA using anti-rTNFa antibody was used to determine porcine TNFot values. rTNFot has 80% homology with porcine TNFot, and anti-rTNFox has been reported to cross react with porcine TNFot, blocking 97% of its activity.32 33 To validate the extraction procedure, we determined the recovery of rTNFa (150, 300, or 600 pg/ml) added to homogenised ileal tissues from control animals. The mean (SEM) recovery was 73 (10) rTNFot was added to the serosal side of ileal segments in the Ussing chamber and compared with matched control tissue from adjacent ileal segments from the same animal. A 10-6 M serosal prostaglandin E2 (PGE2) treated tissue was included in some studies to test the ability of the tissue to respond to secretory stimuli. In addition, at the end of each study, the effect of 10 mM mucosal glucose on the Isc was measured as an indication of tissue viability. The maximum increases in Isc from the pretreatment level (Isc-max) in response to TNFot and PGE2 during a 60 minute follow up period were compared with the corresponding changes in time matched control tissues from the same animal. was a significant increase in the concentration of macrophages and TNFoa like activity in the ileum of infected animals over control levels (p<0 05).
TISSUE VIABILITY
As summarised in Table II , there was no change in tissue conductance during the three hour period of the study, indicating stability of the tissue in vitro. Tissues that showed conductance outside the 95% confidence interval (95% CI) around the mean conductance at baseline were excluded from further analysis. Serosal addition of 10-6 M PGE2 to ileal tissues from nine animals one hour after mounting resulted in a Isc-max of 55 (11) jiA/cm2. This was not significantly different from the response when PGE2 was added 20 minutes after mounting (73 (7) NA/cm2), indicating that the tissue's ability to respond to secretory stimuli was maintained throughout the study. There was, however, a reduction in tissue response to the serosal application of 10-6 M PGE2 after three hours (Isc-max=21 (10) pA/cm2, p<O.Ol). All tissues consistently responded to 10 mM mucosal glucose added When the piglet ileum is stimulated with PGE2, there is stimulation of active electrogenic Cl-and HCO3-secretion, reflected by an increase in Isc, as well as inhibition of electroneutral NaCl absorption.47 Figure 1 shows the effect of 25 ng/ml serosal rTNFcx (2X 10-7 M) on the Isc of normal piglet ileal tissue when added 20 minutes after mounting. TNFoL treatment resulted in a significant increase in Isc-max above time matched control levels (42 (6) v 12 (3) jsA/cm2). The TNFoa effect was transient and was observed 30 (2-9) minutes after treatment, compared with a PGE2 effect of 58 (10) puA/cm2 consistently observed 10 minutes after treatment (Fig 1) . In a graded dose response study, adding 0 05 to 50 ng/ml TNFoL to the serosal bathing solution showed a threshold effect between 0-5 and 5 ng/ml (Fig 2) .
As shown in Figure 3 , the TNFoL effect was blocked by indomethacin (10-6 M) cyclo-oxygenase metabolites of arachidonic acid.
SITE OF TNFot EFFECT
We were interested in determining whether TNFot exerts any direct effect on intestinal epithelium or acts mainly through its effect on other mesenchymal tissues. Direct addition of TNFa to mounted T-84 cell monolayers or fibroblast monolayers comounted with T-84 monolayers had no effect on Isc for up to three hours follow up (data not shown). Parallel studies indicated that TNFot started to induce P2JF production of PGE2 after 24 hours' incubation (Dr Berschneider; unpublished data). We next compared the Isc across T-84 cell monolayers mounted on Ussing chambers alone or back to back with P2JF monolayers (T84/P2JF) after 24 hours' preincubation with 25 ng/ml TNFa of either the T-84 or the P2JF monolayers. Basal Isc was followed for 20 minutes, beginning 40 minutes after mounting, when it reached a steady state. As shown in Figure 4 , TNFa preincubation of the T84 monolayers had no effect on the basal Isc across the T84 monolayers, whether mounted alone or with P2JF monolayers. On the other hand, preincubation of the P2JF monolayers induced an increase in basal Isc across the T84/P2JF monolayers compared with that across untreated T84/P2JF monolayers (9 0 (1-3) of the epithelial cell line T-84 had no effect on Isc whether mounted alone or co-mounted with untreated control fibroblast monolayers. It was only when T-84 cell monolayers were co-mounted with fibroblast monolayers which had been preincubated with TNFot for 24 between TNFo and IL-1 in stimulating the fibroblast secretion of PGE2 has been reported1' and P2JF cells primed with IL-1 show a faster induction of PGE2 synthesis in response to TNFot than unprimed cells (Dr Berschneider; unpublished data). Priming or synergistic interaction between TNFa and the immune cells, other cytokines, or the submucosal enteric nerve plexuses may be the reason for the faster response of whole tissues than that of the cell culture model to TNFot in our study.
In conclusion, we suggest a role for TNFoL in the pathophysiology of infectious diarrhoea induced in a model of cryptosporidiosis infection in the pig. We postulate a chain of events where: (1) TNFat and probably other cytokines are released early in intestinal infectious and inflammatory disorders; (2) cytokines act on subepithelial intestinal cells to release other inflammatory mediators such as prostaglandins; and (3) prostaglandins act on the intestinal epithelial cells altering ion transport and inducing diarrhoea (Fig 6) . 
